The presence of microbes exerts such a profound influence on animals that they are best considered holobionts -an organism comprised of multiple biological partners. The concept of dysbiosis is disease states that result from undesirable interactions between the partners in a holobiont.
Many molecular mechanisms that link the gut microbiome with host health and disease have now been established and these are giving rise to new insights in healthcare. In essence these studies show that our microbiome is so closely intertwined with our physiology that microbiome composition is reflective of many aspects of our health. Of special importance is recognition of the intersection between chronic diet habits and the microbiome in driving changes in our physiological state. In the foreseeable future it is likely microbiome profiling will be a standard diagnostic test in diverse areas of medicine and that interventions targeting the microbiome will be developed.
All animals are associated with microorganisms for the majority of their life, only embryonic stages are microbe-free. However the complexity of animal-microbe interactions and the nature of their outcomes vary. For some animals their associations with microbes include obligate partnerships with a specific microbe that has obvious benefits for the animals life history (e.g. Coral:Zooxanthellae, Squid:Vibrio, Aphid:Buchnera). For others, the animal may have a specialised structure in which it receives obvious benefits from microbes (e.g. the rumen), but these arise via a community of many microbial species. In contrast microbes can also interact with animals to cause disease. For the majority of animals such specific pathogens have historically been the focus of scientific attention.
The remaining microbes were traditionally viewed as commensals.
The past decade has seen a dramatic, and ongoing, revision of this view with recognition that those microbes that form communities of stable composition at various body sites (our microbiomes) influence many aspects of our postnatal development and physiology. This is especially true of the gut microbiome.
The links between the gut microbiome and host physiological properties are now known to be important to the pathophysiology of metabolic and immunological diseases. Studies of germ-free (GF) animals have demonstrated robust connections between the gut microbiome and host development and physiology. These include roles in vascular development 1 and immune cell maturation 2, 3 .
A consequence of such developmental effects is that emergent aspects of animal health and physiology such as inflammatory tone 4 , energy balance 5, 6 , feeding behaviour and even mood and gross anatomy can differ in germ-free animals. Three key points that have emerged from these studies are schematically represented as they might apply to human biology in Figure 1 . chain fatty acids (SCFAs) or production of vitamins both result in increased capacity for the host system to extract nutrition from food 6, 7 . The SCFAs also exert other effects in the host system, particularly butyrate which is a primary energy source for colonocytes, and therefore important for maintaining epithelial health.
SCFAs also impact the function of other tissues and organs in the host by acting as signalling molecules for G-coupled protein receptors (e.g. GPR41, GPR43 In wild type animals this signalling-based disturbance to host-microbiome interactions is thought to primarily arise through changes in microbial composition or activity. Since different microbes (e.g.
Gram-positive vs Gram-negative) contain different microbe-associated molecular patterns (MAMPs) they drive different PRR-signalling pathways. Similarly since microbes differ in their capacities to degrade macromolecules and which metabolites they produce, changes in community composition will also drive changes in metabolite-signalling pathways. Although diverse factors including anatomical, genotypic, cultural and environmental factors can influence the gut microbial community [13] [14] [15] , it is chronic diet patterns that are thought to be the dominant factor, since what we eat, and the pattern of food consumption, impact the availability of nutrients to gut bacteria for their growth and metabolism. Arguably, the key insight is not the role of the microbes, but rather the role of diet as a key modulator of the interaction between microbes and the host 6, 14, 16 . This reflects that major mechanisms of microbial influence are via small molecules that are uniquely microbial cellular components or metabolites. In summary, the concepts of dysbiosis, and animals as holobionts, are changing the way we view human biology, especially modern diseases with a lifestyle component. 
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